Abstract -A prototype Internet Research Support System is presented based on earlier work on the modeling of online reading behavior and evaluating the reading process and its outcomes. Users complete a reading task by browsing the Web and writing a short essay. The online browsing data is captured in real-time, which, along with the essay, reflects the participants' online reading process. Verbatim Quotient Detection is possible which monitors the proportion of material copied from the Internet. A Latent Semantic Analysis component to evaluate sentence-to-sentence cohesion in the final essay is also described, and is in the process of being integrated with the main system. The system evaluation capabilities provide the participants with immediate feedback that is specific to their final essay in order to help them increase their online reading comprehension. It also archives data for research and evaluation purposes.
I. INTRODUCTION
This paper describes work that builds upon an earlier experiment [1] for testing an extended prototype version of an Internet Research Support system. It is based on previous work by the authors in the fields of Internet research, reading comprehension and automatic feedback.
In order to provide an online reading support tool, we need first to develop tools to evaluate online reading performance. Current computer-based online reading comprehension assessment is mostly based on multiplechoice type of questions [20] , non multiple-choice questions and short essays [21] [22] [23] and comprehension summary [23] . However, Harrison [24] suggests that the most useful reading assessment is based on performance with authentic tasks. Such tasks may be devised using digital text reading due to the capability of the computer to capture the process of reading in digital contexts, and especially in web reading [25] . The focus of this paper is to further analyze and understand the general behaviour of online readers using the enhanced prototype Internet Research Support System that incorporates authentic immediate online reading feedback.
Performing Internet research requires individuals to have various literacy skills especially reading (while evaluating search results and comprehending web pages) and writing (while expressing reading comprehension in written form) [13] . Many studies analysing online reader behaviour have reported that some online readers encounter reading or navigation problems while performing internet research and are in need of various types of support [14] . It is reported that different online readers carry out Internet research in different styles and the research styles while working on goal-directed tasks display distinctive navigation characteristics [15] . McEneaney argued that navigational competence makes a significant contribution to online reading effectiveness. If this shortcoming were left unsolved, the second-level digital divide in which users who have the ability to access online information but who will fail to comprehend the content [16] will become a serious problem. Therefore, with the unprecedented pace of digital text spreading [17] , the medium of reading is changing [18, 19] , and the need to have access to online reading support tools is increased.
Publications defining [2] , modeling [3] , evaluating [4, 5] and supporting Internet research [6] [7] [8] [9] work are widespread, as are studies in the fields of reading comprehension [10] and automatic feedback [11, 12] . It is not the intention of this paper to review or summarize work in the three fields but to focus upon the role of automatic feedback in online reading comprehension in order to provide support while performing Internet research task.
This section begins with a brief introduction to the Internet research problem. It documents how Internet research activities relate to online reading comprehension and what attributes of online reading comprehension will be used as the basis for automating immediate feedback of the Internet research performance.
II. UNDERSTANDING WHAT ONLINE READERS DO WHILE READING ONLINE
We began our experimental work by collecting data on the complexities of online reader behaviour. The term 'online reading behaviour' refers to the set of observable actions readers undertake while completing an online reading task. In the online environment we constructed, a research task is presented on a tabbed-pane in the system. Upon reading the online task, a reader will select a navigation goal to obtain a set of navigation options. The navigation goal is defined by the keyword(s) personally chosen by the reader and presented to a web search engine. The search engine will then list a sequence of relevant web sites. The sequence of web sites listed by the search engine for the reader to visit defines the "navigation options". 'Reading' is defined as a condition whereby the computer is asked to retrieve a web page by the reader. The machine will automatically retrieve the page via the web address when the reader clicks on it. The reading event occurs when a reader is visiting a web page.
We have modeled the behaviour of online reading (see [26] for further details). The aim of this model was to define and enable monitoring of the observable processes and output of online reading which could be captured physically by the computer. Once the model has been established we can define what is meant by online reading and therefore classify the processes and output to look for in evaluating online reading. We have designed and implemented a prototype system that can capture the low inference aspects of online reading processes and output. The processes and output of online reading are expressed in terms of user actions and user written output. This type of assessment belongs to the 'free response' type of assessment. The system is initially implemented as standalone. However, since the system involves online reading and capturing online reading activities, it is able to communicate with the web browser software. Given the lack of suitable tools for collecting online real time data that works for all web browsers, the prototype system will allow the online reader to use only one web browserInternet Explorer, however, the online reader is free to visit any web sites available online (in what we term an unconstrained Internet research environment). In this paper we focus on monitoring user research, with particular emphasis on analyzing the verbatim text copied from the visited web sites and on the search terms used to navigate to this material.
III. THE INTERNET RESEARCH SUPPORT SYSTEM
The main focus of this research is to investigate a model of online reading comprehension behavior in an Internet research setting; and to analyze, design, implement and evaluate the development of an Internet Research Support System which supports online reading comprehension in open-ended, free-response, Internet research, by providing instant formative feedback. In its analysis phase, three major components have been identified. The three components are designed in order to accomplish the following aims:
1. Integrating related online reading comprehension activities on a single platform.
Embedding real time data collection mechanisms
into the proposed system. 3. Integrating evaluation mechanisms into the online reading comprehension environment that facilitates realistic experimentation and evaluation of free-response online reading comprehension evaluation (RCE). Hence, this prototype has the ability to allow its users to perform Internet researching and online reading, to collect real-time relevant data in terms of the online reading process and written output, to process the captured data automatically and to provide immediate feedback in relation to the amount of verbatim material copied.
Basically the Internet Research Support System becomes an interface between the online reader, the browser and the student's written output.
The prototype of the Internet Research Support System consists of online reading accessories and two components of online reading evaluation. The online reading accessories have three interchangeable parts: access to the chosen browser (Internet Explorer) for navigation purposes; a text pane from which to read the online reading task and a text pane into which the student can paste or write his/her own words found in the visited web pages. The online reader simply matches the commands and events provided by the system to activate either one.
The nature of online reading comprehension complexities allows varieties of online reading comprehension evaluation mechanisms to be investigated, specified, designed and implemented. However, only two components of the evaluation elements (Latent Semantic Analysis (LSA) and Verbatim Quotient Detection (VDQ)) have been integrated into the prototype system.
LSA is a technique using a vector-based approach to automatically construct a semantic representation of a unit of text in large corpora where the representation is dependent on the corpora [27, 28] . LSA has been widely used in the evaluation of written answers [29] [30] [31] in examination or testing contexts, and the team at Nottingham has developed and is evaluating its own online LSA-based tools and software.
Nonetheless, our focus in this paper is on testing the prototype's Verbatim Detection Quotient and its immediate feedback tools. The VDQ has been designed with the following intentions: 1. The component should provide a mechanism to extract the URLs of the visited Internet resources from the low inference online reading comprehension activities, captured during the online reading comprehension session. 2. The component should be able to visit each of the extracted URLs, retrieve its content, compare it with the online reader's written text and store all information regarding verbatim copying in terms of the list and count of words copied and their URLs. The system should also calculate and store the overall percentage of the verbatim copy found in the online reader's written text. The VDQ has been fully implemented and performs detection of the verbatim text copied from web pages visited by the online reader, and returns a figure in the range 0-100 indicating the percentage of text in the writing pane that is derived verbatim from the web source material accessed in that session. We define "verbatim copied" as any contiguous string of five or more words found in the text pane file. This percentage figure becomes the basis of the verification process.
By activating the Internet Research Support System, the reader has immediate access to the reading task pane, a web browser to perform online reading activities and to the text pane for writing/copying. The system records the activity start and end times. After conducting some web searches and after having either written some text or copied some text into the text pane, the online reader is able to activate the verbatim detection. The verbatim detection tool converts the Internet Explorer history file into an appropriate format [32] , which is then used by the Real-time Online Research Data component to check the time stamped files. Only those URLs visited within the time parameters will be considered for verbatim detection. The verbatim detection tool accesses the web pages and compares the content with the words in the written text. If there are five or more contiguous words copied then they will be flagged as such.
At the end of the process a figure will be produced to indicate what percentages of words in the final text-pane document have been copied verbatim from Internet sources. Figure 1 illustrates the architecture of the Internet Research Support System. IV. METHODOLOGY
A. Experiments
In this study we were interested in evaluating online readers' data, with particular emphasis on the amount of verbatim material in their output file, which was captured using the Real-time Online Research Data capture component embedded in our Internet Research Support System. Two experiments have been conducted, one in 2005 (with 57 participants using the first version of the prototype) and one in 2006 (with 60 participants using the enhanced version of the prototype). The participants were first-year undergraduate students taking a Communication Skills in Computer Science module at the University of Nottingham, England, and one faculty member, who participated in the first experiment. All participants were given one hour to complete a research task, using web resources to answer a question, in not more than 500 words, of which up to 300 (60%) could be verbatim quotation. The work they undertook in this task was authentic in that it was to be integrated into a subsequent piece of coursework for the module, where the mark they recieved for the online reading activity contributed 10% to their overall module mark. The search task was defined as follows: "Shannon's first theorem in Information Theory enables us to calculate the entropy of a system of events if we know the probability of each individual event occurring. We can then use the Huffman algorithm to construct a compact code for the entire system. Recall that in general any coding of a system will not achieve the entropy limit. That is to say it will not generally be 100% efficient --there will almost certainly be some redundancy.
Information can be compressed if a new encoding can be found that reduces redundancy. If the original information can be totally recovered by undoing this encoding (i.e. by *decoding*) then the compression is called *lossless*; if so much redundancy has been removed that the original information cannot be fully recovered on decoding, then the compression is called *lossy*.
Making careful use of sources on the Internet, write an essay about lossless and lossy encoding of information, with particular respect to LZW encoding of text, JPEG encoding for still pictures and MPEG encoding for DVDs. The essay should be no more than 500 words long of which at least 40% should be your own words." The experiment took place in a network lab. Even though the prototype of the IRSS is designed to be a stand-alone system, the system is capable of accessing the web browser. Every participant used the same hardware and software. Even though there are some slight differences in the system user interface between the first experiment and the second experiment, the system functions were the same. When the experiment took place, the participant logged on to his/her account and started the Real time Online Research Data capture component. The system saved their starting and ending times to be used in processing the real time collected data. At the end of the experiment the system converted the Internet Explorer history file into a readable file format (contained visited URLs) as input to the Verbatim Quotient Detection component.
B. Data
All the data were captured by using the data capture system embedded in the Internet Research Support System. The captured data for each participant were in the form of a text file consisting of all the visited URLs and a document file consisting of an essay.
C. Results
The Internet Research Support System delivers the output (shown in Figures 2 to 5) for each participant. The system displays eight step-by-step instructions at the top of its main window. Figure 2 shows the participant's starting page where he/she needs to fill in his/her username, to read the given task displayed on the 'Read Task' text panel and to click the 'Start' button in order to start the online reading session. The system needs the user identification in order to create a directory so that all relevant files produced during the online reading session can be retained. The user is then expected to click the 'Launch' button to activate the Internet Explorer browser. Figure 3 shows the text panel in which the user writes his/her online reading summary. When the user clicks the 'Evaluate' button, a feedback page including the participant's written text is displayed on the 'Read Evaluation' text panel. At the bottom of the output window, the number of participant's written words, the number of verbatim words, the percentage of verbatim words and the visited web pages which have participant's verbatim material are shown in the right side of the IRSS window. All the results were transferred to a Microsoft Excel file. Subsequently, four sets of analyses were carried out. The first set analysed the number of verbatim words present in the final output files of the online reader. The second calculated the percentage of verbatim words out of the overall number of words produced by the online readers. The third and fourth sets were conducted to evaluate how the online readers behaved when they selected the URLs and search terms.
In Experiment 1, only 10 out of 58 participants copied more from the web than the 60% they were allowed. However the percentage of verbatim text copied was great, ranging from 0% to 95%. In Experiment 2, the results confirmed those in the previous experiment. In Experiment 2, only 4 out of 60 participants copied from the web more than they were allowed. The percentage of verbatim text copied ranged from 0% to 84%.
A low or 0% verbatim score does not necessarily imply that the final text was wholly different to the original Internet source. The 0% score might have resulted from the reader rephrasing the sentences so that the number of running words copied was less than five. In Experiment 1, participants did not have verbatim score data available to them; however, in Experiment 2, verbatim text was both presented and highlighted in the text pane, although the five-words algorithm was not explained. Table 1 shows the highest, lowest, mean and standard deviation of material copied for both of the experiments. In Experiment 1, ten participants exceeded the 60% maximum verbatim allowed while 26% of all participants copied verbatim more than they wrote using their own words. However, in Experiment 2, where the percentage of verbatim words copied was made available to the participants in the online reading session, the percentage of participants exceeding the maximum verbatim allowed was reduced to 7%.
We investigated whether there was a correlation between a high verbatim score and low essay score. A statistical analysis of the relationship between the participants' percentage of verbatim copied and human marker's mark in Experiment 1 shows a slight but statistically significant negative correlation of -0.24 where n = 58 and p <0.01. Figures 6, 7, 8 and 9 demonstrate that students' research strategies show a high degree of individuality in both experiments. In Experiment 1 79% of all the total of 600 URLs visited by the participants were visited only once and 77% of the search phrases used in navigating to these sites were unique, and based on word combinations that were not used by others. In Experiment 2, 73% of 483 URLs were visited only once by the participants and 84% of the search phrases used in their navigation were unique. We interpret these results as indicating that Internet research strategies are much more varied than is generally supposed. This wide variation in search terms and navigation end points is also perhaps an indication that the research strategies adopted in this study were authentic.
V. CONCLUSION Our current research is a continuation of the work presented in [26] and [1] . The work is still in progress to establish the extent to which online reading processes and output can be evaluated. We have improved our approach by collecting our data automatically in ways recommended by McEneany in [33] and included a verbatim text detection tool which we made more transparently available to participants during the Realtime Online Research Data process in the second experiment. In this paper we have outlined some aspects of the search and composition behaviour of online readers from which we aim to construct an indication of how well they read in terms of online processes based on the verbatim aspect. The results in the second experiment confirmed that the online readers' processes and products were highly authentic which we suggest was also the case in the first experiment. In the future we will report on further analyses, based on more complete models of expert reader behaviour, and, where appropriate, incorporate online Latent Semantic Analysis sentence-tosentence cohesion data derived from matching user navigation and text pane data against our own corpora.
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